A series of 6,7,8,9-tetrahydro-5H-5-hydroxyphenyl-2-benzylidine-3-substituted hydrazino thiazolo (2,3-b) quinazolines have been synthesized to meet the structural requirements essential for anti-inflammatory and antinociceptive properties. The synthesized series of heterocycles, 6,7,8,9-tetrahydro-5H-5-hydroxyphenyl-2-benzylidine-3-substituted hydrazino thiazolo (2,3-b) quinazoline by the reaction of 6,7,8,9-tetrahydro-5H-5-hydroxy phenyl thiazolo (2,3-b) quinazolin-3(2H)-one with appropriate hydrazine hydrate and ketones/aldehydes in the presence of anhydrous sodium acetate and glacial acetic acid as presented in Scheme 1. Their antinociceptive activity were evaluated by tailflick technique, anti-inflammatory was evaluated by carrageenan-induced paw edema test and their ulcerogenicity index determined by reported protocol. The compounds exhibited the lowest ulcer index (0.51 ± 1.63, 0.48 ± 1.28 and 0.50 ± 1.53, respectively. The 6,7,8,9-tetrahydro-5H-5-hydroxy phenylhydroxy-2-benzylidine-3-(N'-3-pentylidenehydrazino) thiazolo (2,3-b) quinazoline and 6,7,8,9-tetrahydro-5H-5-hydroxy phenyl-2-benzylidine-3-(N'-2-pentylidene-hydrazino) thiazolo (2,3-b) quinazoline exhibited the most potent antinociceptive and anti-inflammatory activities.
Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are useful drugs for the treatment of acute and chronic inflammation, pain, and fever. However, long-term NSAID use is associated with significant side effects of gastrointestinal lesions, bleeding, and nephrotoxicity. Therefore, the discovery of new safer anti-inflammatory drugs represents a challenging goal for such a research area, the quinazolines and condensed quinazolines exhibit antinociceptive, anti-inflammatory activities. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] On the other hand, the considerable biological and medicinal activities of thiazole derivatives have attracted continuing interest over the years because of their varied biological activities. 15, 16 These observation led to the conception that a novel series of 6,7,8,9-tetrahydro-5H-5-hydroxy phenyl-2-benzylidine-3-substituted hydrazino thiazolo (2,3-b) quinazoline derivatives were synthesized using appropriate ketones/aldehydes by Schiff base mechanism and their chemical structure were confirmed by IR, H-NMR spectra of final compounds confirms the secondary NH proton in thiazolo quinazoline moiety. This clearly envisages that the thiazole-3-one moiety involve in 6,7,8,9-tetrahydro-5H-5-hydroxy phenyl-2-benzylidine-3-hydrazino thiazolo (2,3-b) quinazoline formation. All these observed facts clearly demonstrate that the 3rd position of keto group in thiazole ring is converted into secondary amino group as indicated in Scheme and confirms the proposed structure 5.
Pharmacology. Evaluation of antinociceptive activity was performed by the tail-flick technique using Albino mice. 17, 18 The results of antinociceptive testing indicate that the test compounds exhibited moderate antinociceptive activity at 30 min of reaction time and an increase in activity at 1 h, which reached a peak level at 2 h. Decline in activity was observed at 3 h (Table 1) . Compound 6a with the N'-sec-butylidene substituent showed good activity, with increased lipophilicity (1-ethylpropylidene group (compound 6b), it showed increased activity. Replacement of the 1-ethyl-propylidene group with its isomer 1-methyl-butylidene group (compound 6c) retained the activity. Replacement of alkyl chain with a cycloalkyl group and an aryl alkyl group (compounds 6d and 6e, respectively) and aryl group (compounds 6f and 6g, 6h-6o) also results in decreasing the activity. Placement of the electron-withdrawing group at N-3 aryl ring (compounds 6h-l) leads to further decrease of activity. Data expressed as mean ± SD. Significance levels *p < 0.05, **p < 0.01 and ***p < 0.001 as compared with the respective control.
Compound 6b emerged as the most active antinociceptive agent and it is moderately more potent when compared with the reference standard diclofenac. Anti-inflammatory activity was evaluated by the carrageenan induced paw edema test in rats. 19 The anti-inflammatory activity data (Table 2) indicated that all the test compounds protected rats from carrageenan-induced inflammation moderately at 30 min of reaction time with increased activity at 1 h that reached a peak level at 2 h. Decline in activity was observed at 3 h. The compound 6c exhibited the most potent anti-inflammatory activity of the series and it is moderately more potent when compared with the reference standard diclofenac sodium.
The ulcer index of the test compounds (Table 3) revealed that the compounds with aliphatic substituents (compounds 6a-d) showed negligible ulcer index, whereas those with aryl substituents (compounds 6e-g and 6m-o) exhibited little increase in ulcer index and the aryl substituents containing electron-withdrawing groups (compounds 6h-k) exhibited higher ulcer index over other test compounds. When compared with the reference standards aspirin (ulcer index 1.73 ± 0.41) and diclofenac (ulcer index 1.65 ± 0.59) the test compounds exhibited 35 -50% of the ulcer index of the reference standards. The compound (6a), (6b) and (6c) exhibited the lowest ulcer index (0.51 ± 1.63, 0.48 ± 1.28 and 0.50 ± 1.53, respectively) among the test compounds, about one-third of the ulcer index of the reference standards aspirin and diclofenac. The compound 6,7,8,9-tetrahydro-5H-5-hydroxy phenyl-2-benzylidine-3-(N'-(2-chloro-benzylidene hydrazino) thiazolo (2,3-b) quinazoline (6h) showed the highest ulcer index (0.78 ± 1.40) among the test compounds, about 50% of the ulcer index of the reference standards aspirin and diclofenac.
The literature survey revealed that the presence of alkyl groups exhibited more antinociceptive and anti-inflammatory activities over aryl groups. In this study, the most active compound 6b exhibited 65 and 79% antinociceptive activity at 10 and 20 mg/kg dose level respectively" at the reaction time of 2 h. Conversely, diclofenac sodium showed 45 and 62% antinociceptive activity at 10 and 20 mg/kg dose level, respectively, at the reaction time of 2 h. On the other hand, diclofenac sodium revealed 39 and 60% anti-inflammatory activity at the dose of 10 and 20 mg/kg, respectively, at the reaction of 2 h. The compound 6c showed 52 and 66% anti-inflammatory activity at the dose of 10 and 20 mg/kg, respectively, at the reaction of 2 h. Interestingly, these compounds showed one third of ulcer index of the reference NSAID's aspirin and diclofenac.
Conclusions
This research examined the antinociceptive and anti-inflammatory activities of novel series of 6,7,8,9-tetrahydro-5H-5-hydroxy phenyl-2-benzylidine-3-substituted hydrazino thiazolo (2,3-b) quinazoline 6a-o prepared by the reaction of key intermediate 3 with benzaldehyde, hydrazine hydrate and appropriate ketones/aldehydes. The results of the antinociceptive and anti-inflammatory activities of the 6,7,8,9-tetrahydro-5H-5-hydroxy phenyl-2-benzylidine-3-substituted hydrazino thiazolo (2,3-b) quinazoline series showed that moderate enhancement of activity. The compound 6b emerged as the most active compound in exhibiting antinociceptive activity and the compound 6c emerged as the most active compound in exhibiting anti-inflammatory activity and these compounds are moderately potent when compared with the reference standard diclofenac sodium. Hence, this series could be developed as a novel class of antinociceptive and anti-inflammatory agents. However, further structural modification is planned to increase the antinociceptive and anti-inflammatory activities with decreased ulcerogenicity.
Experimental
Chemistry. The synthetic strategy leading to the key intermediate and the target compounds are illustrated in the scheme. 6,7,8,9-tetrahydro-5H-5-(2'-hydroxy phenyl) thiazolo (2,3-b) quinazolin-3(2H)-one 3 was prepared by the equimolar quantities of each (0.039 mol) of cyclohexanone and benzaldehyde (0.039 mol) were taken in a beaker, to this sodium hydroxide solution was added to make the solution alkaline, this was shaken and kept aside. The solid thus obtained, was filtered, washed with water and recrystallized from absolute ethanol. A mixture of 2-benzylidine cyclohexanone ring 1 (0.039 mol) thiourea (0.03 mol) and potassium hydroxide (2.
20 A mixture of 3 (0.002 mol), benzaldehyde (0.002 mol) and anhydrous sodium acetate (0.002 mol) in glacial acetic acid (10 mL) was heated under reflux for 4 h. The reaction mixture was kept overnight and the solid, thus separated, was filtered, washed with water and recrystallized from ethanol to furnish of 6,7,8,9-tetrahydro-5H-5-hydroxy phenyl-2-benzylidine thiazolo (2,3-b) quinazolin-3(2H)-one 4. Euqimolar quantities (0.004 mol) of compound 4 hydrazine hydrate (99%) (0.004 mol) were dissolved in 10 mL of warm ethanol and refluxed for 30 min. After standing for approximately 24 h at room temperature, the product were separated by filtration, dried under vacuo and recrystallized from warm ethanol to yield 6,7,8,9-tetrahydro-5H-5-hydroxy phenyl-2-benzylidine-3-hydrazino thiazolo (2,3-b) quinazoline 5. A mixture of 5 (0.004 mol) and appropriate ketones/aldehydes (0.004 mol) in glacial acetic acid was refluxed for 38 h. The reaction mixture was poured into ice water. The solid obtained was recrystallized from ethanol to yields 6,7,8,9-tetrahydro-5H-5-hydroxy phenyl-2-benzylidine-3-substituted hydrazino thiazolo (2,3-b) quinazoline 6a-o.
The melting points were taken in open capillary tube and are uncorrected. IR spectra were recorded with KBr pellets (ABB Bomem FT-IR spectrometer MB 104 ABB Limited Bangaluru, India). Proton ( 1 H) NMR spectra (Bruker 400 NMR spectrometer Mumbai, India) were recorded with TMS as internal references. Mass spectral data were recorded with a quadrupol mass spectrometer (Shimadzu GC MS QP 5000, Chennai, India), and microanalyses were performed using a vario EL V300 elemental analyzer (Elemental Analysen systeme GmbH Chennai, India). The purity of the compounds was checked by TLC on pre-coated SiO 2 gel (HF 254 , 200 mesh) aluminium plates (E. Merck) using ethyl acetate: benzene (1:3) and visualized in UV chamber. IR, 1 H-NMR, mass spectral datas and elemental analyses were consistent with the assigned structures of all the compounds. 1 H NMR spectra were recorded for all the targeted compounds. The Pharmacology. The synthesized compounds were evaluated for antinociceptive, anti-inflammatory and ulcerogenic index. The test compounds and the standard drugs were administered in the form of a suspension (using 1% carboxymethylcellulose as a vehicle) by oral route of administration for antinociceptive and anti-inflammatory. For ulcerogenicity studies, the drug was administrated by intraperitoneally as suspension in 10% v/v Tween 80. Each group consisted of six animals. The animals were procured from the C.L.Baid metha college of pharmacy (Chennai, India), and were maintained in colony cages at 25 ± 2 o C, relative humidity 45 -55%, under a 12 h light and dark cycle; they were fed standard animal feed. All the animals were acclimatized for a week before use. The Institutional Animal Ethics committee has approved the protocol adopted for the experimentation of animals.
Antinociceptive activity. Test for antinociceptive activity was performed by tail-flick technique using Wistar albino mice (25 -35 g) of either sex selected by a random sampling technique. 21, 17 Diclofenac sodium at a dose level of 10 and 20 mg/kg was administered orally as the reference drug for comparison. The test compounds at two dose levels (10 and 20 mg/kg) were administered orally. The reaction time was recorded at 30 min and 1, 2 and 3 h after the treatment, and the cut-off time was 10 seconds. The percentage antinociceptive activity (PAA) was calculated by the following formula:
Where T 1 is the reaction time (s) before treatment and T 2 is the reaction time (s) after treatment.
Anti-inflammatory activity. Anti-inflammatory activity was evaluated by carrageenan-induced paw edema test in rats. 18 Diclofenac odium 10 and 20 mg/kg were administered as a standard drug for comparison. The test compounds were administered at two dose levels (10 and 20 mg/kg). The paw volumes were measured using the mercury displacement technique with the help of a plethysmograph immediately before and 30 min and 1, 2 and 3 h after carrageenan injection. The percentage inhibition of paw edema was calculated using the following formula:
Percent inhibition I = 100[1-(a-x)/(b-y)] Where x is the mean paw volume of rats before the administration of carrageenan and test compounds or reference compound (test group), a is the mean paw volume of rats after the administration of carrageenan in the test group (drug treated), b is the mean paw volume of rats after the administration of carrageenan in the control group and y is the mean paw volume of rats before the administration of carrageenan in the control group.
Evaluation of ulcerogenicity index. Ulceration in rats was induced as described by reported protocol. 22 Albino rats of the Wistar strain weighing 150 -200 g of either sex were divided into various groups each of six animals. The control groups of animals were administered only 10% v/v Tween 80 suspension intraperitoneally. Two groups were administered with aspirin (German Remedies) and diclofenac sodium intraperitoneally at a dose of 20 mg/kg once daily for 3 days. The remaining group of animals was administered with test compounds intraperitoneally at a dose of 20 mg/kg. On the fourth day, pylorus was ligated as per the method. 22 Animals were fasted for 36 h before the pylorus ligation procedure. Four hours after the ligation, animals were sacrificed. The stomach was removed and opened along with the greater curvature. Ulcer index was determined by the method 23 and is recorded in Table 3 . Statistical analysis. Statistical analysis of the biological activity of the synthesized compounds on animals was evaluated using a one-way analysis of variance (ANOVA). In all cases, post hoc comparisons of the means of individual groups were performed using Tukey's test. A significance level of p < 0.05 denoted significance in all cases. All values are expressed as mean ± SD (standard deviations). For statistical analysis, we have used GRAPHPAD PRISM version 3.0. (Graph Pad Software Inc, San Diego, CA, USA).
